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tbt^c h^*iIE#ikK a L AMBIt MBfUiott ^ @M^^If«^T 1 a 
mb0^b^2tLTf£^£ti£&<7)-C&l9, 1. 4 iH4^»Tl amb 
i:^Ltl =fc *9 4>±£%mt Lxm^ti, *oT 1 amb£A£ <i^£-££ 
<h ^(J^^^^fii: LTI^^H^o KaLAMBIi, T 1 ambfl. 4 £LL 
Xhh t^li, llzmmZti&o h ;i^ffiIH£ifcK a M I T (i, 

*4 >mM$*MMi t foiitwtLt^^n^^t*^ mnmx 19 %m 

^^tfzM I T f IC^LT 1 X *) &A£&H£ L-C|S^$^, t^oM ITf^ 
^ <m^^tfzt^Ht^^^mtLXn^ti^o KaMITIi, i§1iri$fi, 
liCl^$tt^>o S 5 0 3t(i, KaLAMBiKaMIT^if L, 
MiE#mKa (=K a L AMBXK a M I T) ^nfo-fho 
[0 0 4 9] 

M5i:i ^H^ff Zti&o 

S 5 1 1-Cfi, BU£%Mffl^T lamb, gflT ? -fe ^I^lfltlQ f d r 
vTl^ h^^MiEi^K a ^ll^tfo S 5 1 2 Tlamb, Qfdrv 

RVK a i:io ! v^TS: (11) K X <9 @ A^**^fit t Q a c 0 £H-tH 
1"&o B l amb#(i, Sf^BittB^H (=14. 7) X$>Z> 0 S 5 1 

3tii, tQacOCM¥^»IU BWMA^M; t Q a c £|fft1-& 

o 
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[0 0 5 0] 

tQacO=TlambXQfdrvXBlamb#XKa ••• (11) 

M5CJ: vmftzti&o 
[0 0 5 1 ] 

S5 2 1TI4, S^^U&fiJ^T 1 amb, fA^iQa c, gflT^-b;i/ 
g^PJlMMQ f d r v, h )\s?ffiJEi%mK aS^- KfiJgiJlfi A T S state 
£f%^i£fro S 5 2 2T11, ATSstate^O, 2 X(i 3 T$>Z> fr&frm 
m-f&o ATS s t a t eO)*Ztlb<D\<*i'tLfr"C*!>& t bit, ^Bittf 1 ) ? 

S 5 2 3 -Ct±. Q a c C^^TTS (12) CiD g^fWIt* t Q f 
ffi-fio — ATSstate^O, 2S0 f 3OV»f *i-C4 4v»t|li, ^ 

#jt&& 0 ZOtztb, S 5 2 4~sii^ Q f d r v i:io\>TTS (13) Ui 
19 BU'MrmmMw: t Q f £#tb-f& 0 
[0 0 5 2] 

tQf=Qac/ (TlambXBlamb#) XKa • • • (12) 
tQf=Qf drvXKa ••• (13) 

0 2 5f±, mMM^^^Mt^-^-^y^yu-^-^- \>x$> *K tvi-^ 
M5 fci ^H^T^tt^o 
[0 0 5 3] 

S53 1-C(i. x>v>H]$EfNe, g«EGR$Me g rXCKSMA^ 
m t Q a c ^ll^iitfo S 5 3 2tli, Nei:i»)BI2 6i:^tf-^S:tf 
U t^i^lQgmax^iltitSo S 5 3 3t(i, QgmaxCioV 
(14) Hi 0 B«fttt^*Jt t Qh 0 £Hta-r&o fcf* h ><7) 

tffI#«^VCE# t"t&o 
[0 0 5 4] 

tQhO^tQacX (1+Megr) /VCE#/Qgmax ••• (1 

4) 
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v, « S 5 3 4-CJ4, ITffl Ltz t Q h 0 £EI2 7 U^-*"r- TVMC «fc *) 
JttDNVCMt^o S 5 3 5Tii, t DNVl^'Ne i:ioVTT^ (15 
) Ci gIPIPlf t A t v o b ^flilt^o S 5 3 6 T-(i, tAtv 

obMMegrCloVTTS (16) «t EWM^Sc <0 #HPMft t A t 
v o £ltaj-r*o tAtvoli, f^ift^^^BB-f * BISIBIJPffi«t-e*& t A 
t v o bKJtLTBfH EGR$Me g r «t SWIE£M Lfc & S 5 3 

7 TMd\ t A t v o £ M 2 8 y -f\z X *) WtMMt. O^SETC K&M-t 

ho ECU6 ETCK&i:fcM^£^iR'?#l 7<7)7^f ax-^CtH 

[0 0 5 5] 

t A t v o b= t DNVXNe XVOL# ••• (15) 

tAtvo = tAtvobXl / (1+Megr) ••• (16) 

02 9(4, SiEGRfi$iS(^-f>07n-ft - ^v^- 

[0 0 5 6] 

S 5 4 1 SO* 5 4 2 -e*±, K*J8(HIAT S state ATS 
stat eK#JS^*^y:/*lfc3fcU Ste-t- K^^D/tgllEGR^^fS 
Me g r 0 ^I^i-^So AT S s t a t e ri* 1 § (4. HI 3 0 K^-f&ifc 

U ifffSlEGR^S^fMe gr O^l^t^c ATSst 
a t e^0"C*^tl (4, y -ffrhl&tzM e g r 0 KliiE#3&i LT 0 . 

2^IU WllEGR$i$iMegrO ( = Megr0x0. 2) 4r 
1x^1" -So ATS s t a t e**2-e*& t £fi> i$7 7 7>?)if:Me g r 0 
K*iIE#gkt LT 0. 8£fimU NOxff4Nfg^EGR$S*iMe g r 0 

(-Me g r 0 X 0. 8) Sr^i"* 0 ATS s t a t j&*3t?£>* £ #{±, 
7 7 7>^|/:Me g r OKttlE^i&i: LTO^fU I8S4fl@lEGR 
$l$fMe g r 0 ( = Me g r 0 X 0) ZWLfct&o ATS s t a t e/JMt 
&2>t£i±, S$v 7 7>?)#f:M e g r 0 tilEitt Lt 0 . 5£fHltU 
7^^ff4H§lEGR^i*ttMegr 0 ( = Megr0X0. 5) *Wtfc 
?2>o ATS s t a t e^3X{4 4-e*«9. HfcffiDf?^- h*JU±y 4 
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7^W;Megr0i:»iEMi:U0. 8£HtJtU j&PtUHgBtgHE G 
Rfl^fMegrO ( = MegrOXO. 8) £f£;£1-&o 
[0 0 5 7] 

IH3 1(i, liEGR$i^-f>^)7n-ft- tya-^M 
5 «5 ^tf £*i£o 

S5 5im BSE G R^ft^jtM e g r 0 STO^JE&^r^&K k i n 
Ztxfr&tso S 5 5 2T?f±, MegrOCKk i n *fflv^;K (17) «t £ 
iltMM^JfeU ntzMZMe grdt LTiBflftio S 5 5 3 "Cti, M e g r 
di:GKeegr i^M&t LfzT^. (18) K «fc U HE GR 

iMe g r £#ffi1-£o 
[0 0 5 8] 

Megrd=Megrd n _iX (1-Kkin) +Megr0XKkin 

• • (17) 

Megr=GKeegrXMegrO - (GKeegr-1) XMegrd 

• • • (18) 

H3 2f±, @iEGR^iif^-f>07n-ft-ft*^ -t^-x- 
[0 0 5 9] 

S 5 6 1 T?*±. IMA^i tQac, @IEGR$M e g r Rtm%&& 
^■m&kK k i n ZU&ihtto S 5 6 2 "Cti, tQachMegrt £HtJf U 
g^EGR^fl^fQecO (=tQacXMegr) ^jfft-f&o S5 6 
3Tti, QecOCKk i n^fflv^;^ (19) Ci^IiiM^IL, 
l^tQecdh LTfEirt&o S 5 6 4 t?J±, tQecdCGKqec SMMft 
t LfzT& (2 0) KiSii^MaifcJfcU i^EGR^it Qe c^*tbt 

[0 0 6 0] 

tQecd = tQecd n _iX(l-Kkin) + tQec0XKkin 



tb!E# 2 004-3014482 



#$f 2003-1 14717 ^- V : 20/ 




•(19) 



tQec=GKqecXtQecO- (GKqec-1) XtQecd • • 
• (2 0) 

BI3 3(i> @HEGR#PiltiIi:^-f >W7n-f t- h "Cab Ox ^v^- 
;UM5 ted: i)||fT$ii4o 
[0 0 6 1 ] 

S 5 7 1 "Cfi, HE G R t Q e c #i/E G R #XiMC q e £I%<^ 

tfo S 5 7 21?li, tQec^rCqeCifL, SiEGR?friIl*It Ae 
grO (=tQec/Cqe) ^%^ho S 5 7 3 "Cti, tAegrOClo' 
v^TTjt (2 1) t:if)gIEGR^FIItAe g r tk%\&-fZ> 0 SIIEGR# 
PIJltAegr^Ili, U ^-r;WC^< ftjf^"v£^ J: & 0 E 

GRlf§jtiS«^AEGRB#itl)o S 5 7 4 "Cii, tAegr*034i: 
0 EGRffXf'7 7lSTEPEGRi:Mno 

[0 0 6 2] 

tAegr = tAegr0/ IxT ( 1 — (tAegr 0/AEGRB#) 2) 
I • • • (2 1) 

[0 0 6 3] 

S58 1"C(i. x-y v>@I*e^:N e , iHE G R^M e g r RZ/BUT ? -t )V 
^nftltlQ f d r v £ff *&tr 0 S 5 8 2 "Cfi, N e ergi:iDH3 
6i:^7 7'^f L, Un^^mWT lamb <hgtSEGR^Me grt 
£3iJ&"t£7t:#<75^-lf >/X;vp^^£{if T r a v 0 ^ftHt^o S 5 8 3 "C 
fi. N e If/Q f d r v t: i 0 3 7 IC^fv 7 7°^tf ^-t'>/X>P| 
mMlEmT r a v q Zft-fc-f Z> 0 S 5 8 4 "Cl±, T r a v 0 r a v q^l 
ITU @I^-t'>yX«Trav (=Trav0 + Travq) ^Ifffil" 
-5) o 

[0 0 6 4] 

13 8(i, Xil/PiST r a v oj^ii^ffiff yco y u - 
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1 5 aS^-lf^ 1 5 bOf^IAati^'a-tf & <7) t U f^*^?iliQ e x h 
H^DT^bi--5>o ) ^ *-fcf>SBl 5 b<7)pTE!j^->^IEE!i-r^)T^^-^J. 

1 <0fpft!ij!*L (ilts^^ J: tb-f-^-e^^o ) <h^^1-^>o d^Tt:^ 
, S 5 9 3 W5 9 4 -Z'm%<nmth£, S 5 9 6&£/5 9 7 ^k^^mti^mt 
1rZ> 0 S 5 9 ltNi, g«^-kf>yX;i/BI!JgT r a vI^I^IiQe x 
h£f%^&tr 0 S 5 9 2tii, Q e x h(:<t f)i3 9 i;iff-7VL'^.tf L, 
iMJEL^BI^tT c v g t *rt85g1-£ ttU:, QexhUJ:*)!^ OC^t 
7 7^tlU I^IWGKv g t ^fS^-r^>o S 5 9 3-CCi, M e g r 
CTcvgt ^fflv^cH (2 2) \Z£&Mtl$kmZML, t#£{j§£T r a v d 
<h LTEtttio S 5 6 4 -Ct±. TravCGkvgt ^ffl^m (2 3) K 
i&it^SMU f#/cH*T ravf ft LTSB«1-*o S 5 9 5 "Cl±, T 
ravf fCTravfb £ Stilt U W^ffiSrT rave (=Travd+Tr 
a v f b) t LTffi'lft^o Travf bli, tQaci 

®.A^*Q a c hi:I-5Vtfm$W7^- hv*y **iiE*-cafe&<, 

[0 0 6 5] 

Travd=Travd n _iX (1-Tcvgt) +TravXTcvgt 

• • • (2 2) 

Travf f=Gkvgt'XTrav- (Gkvgt-1) XTravd • 

• • (2 3) 

S 5 9 6TN±, T r a v c i:«ft^£^»T C A C T# (2 
4) Ci-SItiJil^iU Hfcffi^Tr avcdfcUEttio S 5 6 7 T* 
(±, Travci:GKACT#^iiim (2 5) IzX&MfrtoMZIfol, 
. B«^-tf>yX;l/MJRT ravf £|§:ffi1-&o 
[0 0 6 6] 

Travcd=Travcd n _iX (1-TCACT#) +TravcXTC 
ACT# • • • (2 4) 

T r a v f =GKACT#XT r a v c - (GKACT#-1) XTravc 
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d •••(25) 

114 1 (±, glfi-f ^fiti^-f >^7D-f ^-hT^f), *->*i- 
[0 0 6 7] 

S6 0 1-CI±, iI^-H'>/X>|ST r a v f ^IWo S 6 0 2tfi 
. T r a v f t: J: l) i 4 2 7 7^tf L, T ? ^ z-Z-— 9 5 1 £IERl1~ 

aifOglf^-f^tVNd u t y£125e-r&o 
[0 0 6 8] 

-;i/M5 ici ^■m^^fLho 

S 6 1 1 &<J6 1 2 Tf±, -t- K^lJSUfitAT S state £if^&<^ ATS 
stat e^t^vy^MU S$E^e- Kt~fi>C/t@*IM^ ^igltHfSH 

&#«m i t o *%%.fc-fz>o ^nimmx^ u^mzn o t # mmt* 
>f >*it^*^iiM i t o ztZTz-r&o n^Em^ << ym%m 

»iMI T Oii, ±^E.^J: 0 ^il^iBiJtci^^tL^o fcfcxJf, ATSs t 
ate^lt^tili, EI 4 4 i:$tS*v 7 y^|U lfB$ll^^> 
RtMB#WMI T 0 Zmfc-f&o ATS s t a t e^2^hht £ (i, v 7° 

frhmtzM i t o ? i o° aib-fr, NOxS4mgi^^f>iiitii 

*$^MSM I T 0 ( = M I T 0 + 1 0° C A) £ 88561" AT S s t a t ^3 
<7><h£{i, liv 7 7> ^ll/cM I T 0 ^ ^ 7 > ^ ft f 1 0 ° JJ«I?£ 

s#g^>< ^ ymMnm&^mu i t o (=mito + io° ca) zmfc-t&o 

ATSs t a t e#4 0i:ili, Sfvy^^l^MI TO ^^7>^^"C6 

° i^)^ 7 ^ ^s^ssi;* 4 >m%inffl&^mM i t o (=mito + i 

0° CA) Zmfc-t&o ATSs t a t e 7> ? 3 3Ui 4 M#£-=e 

- TO7^ k^Ht 7*#£-^ j#^^#a^e- K-eti, ^-7-7 

WSWITO ( = MIT0+10° CA) £f£7£-f£o i&Ptll!^- K 
7 7> f>H/:M I T 0 ^ 7 7 > ^ ^ 1 6 ° ®^*. I&Pf 0igBt g# 
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*>r >mMmffl&*mu i t o (=mito + 6° ca) ^w^h 0 

[0 0 6 9] 

S 6 1 3 T?l±, yk%3hJ£&ft&8L¥L k i n MITOCKk i n £ 

ffl^m (2 6) izx&mtit&mzML, &m * j >mmmM it zMft-r 

h 0 S6 14m MIT{:, ffi%ifAT&8LT e x h \zfcttz&&t&* 4 >m. 
MmMMjEt&MI T f b£fln#U ^>ilt«ITf ( = MIT+MIT 
f b) £lS:5£-*-&o 
[0 0 7 0] 

M I T=M I T n _!X (1-Kkin) +MIT0XKkin ••• (26 

) 

ATS s t a t e = 0t$.^»tili, ^&WhiX&&ffl%&'XMWn' 
[0 0 7 1] 

*Lna^a*iii-- ttcj: off i zttfx^&o 

a - ;i/M 6 H «t «9 Htf £ o 
[0 0 7 2 ] 

*mffi.&mxn. itMmfrUftmm$z<DT7$: (27) ^1- pidt^ ^ >; x 

ACiotv^^; itoT^^jXA^ifflLTU^o mtw. £ u (t 

) , Jt#l^>£KP, MS^KI, S^Pf^KD.Hi^e (t) 
. #JJM£u (t 0) it^o 
[0 0 7 3] 
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u(t) = Kp\e(t) + -J- f e(t)dt + KD + u(tO) 

I KI J dt J 

• • • (2 7) 

S 7 0 1 -Cli, i H^ii*J^T lamb, ^uSfiJ^ 1 a m b K*IJ 
SUM A T S s t a t e £i%<^&tf 0 S 7 0 2 -Cf±, Tl ambt 1 ambt O^E 
jftm<5 lamb (= 1 amb-T 1 amb) ^\^%-f^o S 7 0 3 Tti, ATS 
state^O, 2X(±3-C&&^ ; S^£¥lJ5E-f £o ATS s t a t etf^tih 
(D^-f Hfr~t:$)Z> t £ it, S 7 0 4-\3t^, - tibwl? tiTi> &^<h g li, S 
7 1 l^Itro S 7 0 4, 7 1 1 f li, 1 ambt:J:t)04 6(:^tv-;7^ft 
m U JfcflU ft^«55-60^MI«r >f >KPlamb, Kllamb, KD1 
amb^tio S 7 0 5, 7 1 2 "C*±, T5£ (2 8) 9»$HgjEffi I 1 
arab^iEHt^o S 7 0 6, 7 1 3TU I 1 a m b <7)jz£ £ *0fScO|EHF«3 
KftUR-f&o S 7 0 7, 7 1 4"Cli, (2 9) i:i 0 IR5MiiEteD 1 a m b 

ZMlti-f&o S 7 0 8, 7 1 5-et±, T^: (3 0) i:i •? JfcWEfc-g-i&fc P I D 
MjEmQ f f b, ETC f b £#mi-&o ^-MIEM^MfS^ K lamb 

f 0#, Kl ambaO#i:t^o S70 9tlJ x £ O;!/—^ > * buHH^t L 
^ClffiLfcETC f b n _i^ETC f bKftA1"4o S7 10m EWM 

nmm tQfcQf f b ^nnu mm%BMmMMiQ f a e s (= t q f 

+ Qf f b) ^ittlt^o S7i6m i<7);i/-^>^BulH^^f LfcB&Ulf 
ffi L£Q f f b n _i£Q f f b izftA-fZo S 7 1 7"Cli, (R£t*fc 9 #BIJ£E T 
CtCETC f b£2jQ3?U fl^^rai)friSETC f (=ETC + ETC 
f b) £JftB1-£o 
[0 0 7 4] 

I 1 amb = I 1 amb n _i+ (dT/K I lamb) lamb ••• 

(2 8) 

Dlamb = (5 1 amb-5 1 amb n .i) XKDI amb/dT • • • 
(2 9) 
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Qf f b=KP 1 ambfX (n arab+I 1 amb f +D 1 amb f ) + 
K 1 a m b f 0 # • • • (3 0-1) 

ETC f b=KP 1 ambaX (d 1 amb+I 1 amba+Dl amba) 
+ K 1 amb a 0# •••(3 0-2) 

- @ mm% if* iag <om % - 

[0 0 7 51 

S 8 0 1 RlfS 0 2 t?«U K*lJglJilAT S state ATS 
stat e^itCE-rivy'/SraKL. £fcB 

Te x h 0*m&1-2>o ATS s t a t e 3 "Cab & § f±. JJfcflicf?£B$ 
B##|^:*r*ffij£2kfcffi tTexhO£730 ti:e5ct*o AT S s t a t e 
rt s 4 Tab* i: £fi, "7 >r /u^S^BIISBI^^SJKgkfrffi tTexhO£67 
0 °C JCK5c1" & o g «£MK;*f * iSJ££*H tTexhOU, 7 0 

0 °CI*zi%fc1-Z> 0 S 8 0 3 -Cti, t T e x h 0 ^^S^Bt^tkK kin^i 
^/:K'(3 1) tii^il^M^MU SKt^iaS t T e x h 

[0 0 7 6] 

tTexh=tTexh n _iX (l-Kkin) + tTexhOXKkin 
• • • (3 1) 

[0 0 7 7] 

S 9 0 1 -Cti, -fe y*f 7 3 ^OtttTJ v T e x h £fl^tf 0 S 9 0 2 t?*±, 
vTexh^@49 X $t%iT e x h 0 K&j|-*-£ 0 

S 9 0 3 "C(i, T e x h 0 !:M¥%I^1L, &fctt£8l$C:ff'*ifiJ£T e x 
h t-fZo 
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[0 0 7 8] 

*Hffi^38g-e*i, Jtffl*#«$MS{*«OT5$: (3 2) ^tPID7^3*'jX 
) , itmy^y iKP, t^f^KI, «53*#5e&£KD, Ui^£e (t) 

, mmimu (t o) t-r& 0 

[0 0 7 9] 
[&2] 



• • • (3 2) 

S 1 0 0 1 T?J±, Bttl^^r^iBJS t T e x h&tfift^tf^iSJKT exh^I 
<^&fro S 1 0 0 2 "CJi, tTexhtTexh <7)fE^ti o t e x h (= t T 
exh-Texh) &i£&1-£ 0 S 1 0 0 3 TNi, ££Ui*d^ 1 a m b «fc *) H 
5 ii:gf7y^ttfU irb^U. mfrRV&kfrn&tt&r 4 Zo S 

1 0 0 4-CMU T^: (3 3) i:i OfltfMtjEfit Itexh Z\$M1rZ>o S 1 0 0 
I t e x h^l $*3f5eO|giiF«3(rtlIR-f 4 0 S 1 0 0 T^C 
(3 4) CJ: 0flR5MtiEttD t e x h &m&-f2> 0 S 1 0 0 7t?t±, T^C (3 5 
) Ci iJJtffll^S:^*^:^ -f XftltBf^OP I DffilEMM I T f b &ift#"t*o 
SOHHfifcK t e x h 0#tf^. o S 1 0 0 8fli, ^ -Y >nftttl$»3M I T 
i:MITf b £2JD#U mm%* 4 ymMmMM I T f ( = M I T+M I T f 

b) OTtl> 0 

[0 0 8 0] 

Itexh=Itexh n _i+ (dT/KI texh) X £ t e x h • • • 
(3 3) 

Dtexh= (<?texh-£texh n _i) XKDt exh/dT • • • 
(3 4) 
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MITf b=KPtexhX (Stexh+Itexh+Dtexh) +Kt 
exhO# ••• (35) 
*m&fm K <fc *U£\ ^(7) J; 9 * t# <£> - t **-e § h o 

[0 0 8 1 ] 

no x h ? y 7ii3 2 <omMn£.$kmRv t -r4 —m^^ta ^^v-y? j 

IKSJg t T e x h ^o-e<7)P^l^ ^aiH^ lamb £#£^E- K 

Jo C tz i W^SUftf iJ^ t l ambC lt#1" * o - <0 tz tb , }JDi£^ CJ:*) 
ttri*gHt L «9 . MfrW%i>*mit L/:Utk £ *UCj£ £ T^tuifiJ^ l a m 

+^ i/-F7^ 3 3 \zy a frfrz-Vj. y h <r>%ftM<r>1&MiP$£. 

[0 0 8 2] 

tiz-mikgtmxii&kitfomviLZ^o * ^mn^mm^a, no x vyy-rm 

izi&c&o z\z\^\ mm.jfxfcmiztt, zmitmsmz* <±#-t**m 
o , mtmi^m^mt^z ± v ^mit&Bmmzfttixi&TLtz t § i# 

ttitfh&o t/z, &m)tzx hj*xi* >) y^-t,zmnLx^&t §«u cose 

<h § l±, — MJHb&^OSxaJ*TO«rt«"r-» L < RJo U NOxfr; 7«!l 
3 2 ^a^*«LH#***^&fe-€-*L**** 0 NOxFry -7H3 2 (i, «It 

UM4**fi:< , -n^*^ i t i>mm±mmx&z> mm 2002-15579 
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